Objectives. On September 11, 2001 (9/11), attacks on the World Trade Center (WTC) killed 341 Fire Department of the City of New York (FDNY) firefighters and injured hundreds more. Previous WTC-related studies reported high rates of comorbid depression and posttraumatic stress disorder (PTSD), identifying disability retirement, alcohol use, and early arrival at the WTC site as correlates. However, those studies did not evaluate risk factors that could have mediated the observed comorbidity. We identified unique risk factors for each condition in an effort to better understand comorbidity.
The September 11, 2001 (9/11) , attacks on the World Trade Center (WTC) towers exposed rescue and recovery workers to great physical and psychological harm, resulting in high rates of posttraumatic stress disorder (PTSD), depression, and especially high rates of these disorders concurrently. [1] [2] [3] [4] [5] [6] During 2002-2003, a Veterans Affairs health-care study found that more than onethird of primary care patients with depressive symptoms had comorbid PTSD. 3, 4 During 2005-2006, more than half of urban, health-care-seeking women 5 with PTSD reported comorbid depression and, in 1995, 55% of survivors of the Oklahoma City bombing 1 with PTSD reported comorbid depression. In 2001, a study of Manhattan residents living near Ground Zero at the time of the WTC attacks found that roughly half of those reporting symptoms of PTSD also reported symptoms of depression two to three months after 9/11. 2 Alternative explanations for the observed comorbidity include: (1) both conditions are reactions to traumatic events, 7 (2) depression is a reaction to severe or prolonged PTSD, 8 and (3) symptom overlap between these conditions accounts for the appearance of their co-occurrence. 9 Studies have not agreed on whether depression and PTSD are separate constructs or part of a single construct postexposure to trauma. 10, 11 Previous studies of Fire Department of the City of New York (FDNY) retirees have identified WTC exposure, retirement with a disability pension, and alcohol abuse as risk factors that appeared to be common to both morbidities in multivariable regressions. 12, 13 However, these models did not control for occurrences of PTSD as a comorbid condition when examining depression, and vice versa. We reexamined these identified risk factors for each disorder (depression and PTSD) controlling for the presence of the other condition in an attempt to clarify whether depression and PTSD represent separate constructs or a single reaction to a traumatic event.
METHODS
Since 1997, the FDNY Bureau of Health Services (BHS) has performed periodic health evaluations on active FDNY members approximately every 18 months, which include both physician examinations and, since 2001, self-administered health questionnaires. In 2005, a more extensive mental health questionnaire incorporated validated instruments, including the Center for Epidemiologic Studies Depression (CES-D) Scale, the PTSD Checklist (PCL-17), and the Alcohol Use Disorders Identification Test (AUDIT). This inclusion occurred simultaneously with outreach to retired WTC-exposed firefighters, who were invited to resume participation in health evaluations. These screenings had been previously limited to the active workforce. Participation in the study required written informed consent and was approved by the Institutional Review Board of Montefiore Medical Center.
Participants
In 2005, expanded mental and physical health screening extended the length of the WTC Medical Monitoring and Treatment Program (MMTP) visit. This expansion was first introduced for retired members in an effort to assess the additional time required for scheduling the active workforce. Thus, this study was limited to retirees who completed the expanded screening and worked at least one shift at any of the designated WTC work sites between September 11, 2001, and July 25, 2002 , when the sites were formally closed.
A total of 4,080 retiree candidates were eligible. Recruitment involved contacting retirees through invitational letters and/or by telephone using contact information from the FDNY pension database. Selfenrollment was also possible through the FDNY website. We used data from the first 19 months of the expanded monitoring for the current analysis (December 2005 to July 2007). By the end of the initial enrollment period, 2,574 retired firefighters (63% of those eligible) had returned to FDNY BHS and completed a monitoring exam.
We excluded the following: people who could not be classified in a 9/11 exposure group or first arrived at any of the WTC sites after September 24, 2001 (n316); those who did not complete all parts of the monitoring visit on the same day (n218); fire marshals (n84) due to the distinct nature of their work; people who retired due to a mental health disability (n31); and females (n10), because they represent a small proportion of the workforce. The final analytic sample totaled 1,915 (47% of those eligible). We compared characteristics of the final analytic sample with WTCexposed retirees who did not participate.
Data sources
We obtained age, hire date, retirement date and status (ordinary vs. disability retirement), and rank (e.g., chiefs, captains, lieutenants, and firefighters) from the FDNY employee database. We collected all other variables from the questionnaires.
9/11 exposure
The FDNY-WTC Exposure Intensity Index 14 categorized exposure based on first arrival at the WTC site as follows: "Group 1," the most severely exposed, arriving on the morning of 9/11 and present during the towers' collapse; "Group 2," arriving during the afternoon of 9/11; "Group 3," arriving the next day on September 12, 2001 ; and "Group 4," or least exposed, arriving any day between days three and 14.
Measures
The 20-item CES-D assesses depressive symptoms; each symptom is scored on a scale of 0 to 3 (0  none or rarely [less than one day per week], 3  most or all of the time [five to seven days per week]), with four of the items worded in the positive direction. 15 The FDNY version refers to symptom presence in the past month. 12 The PCL was designed using 17 items that correspond to the Diagnostic and Statistical Manual of Mental Disorders symptoms of PTSD. 16 Using a Likert scale of 1 to 5 (1  not at all, 5  extremely), total scores can range from 17 to 85. We modified the PCL in our questionnaire to fit the context of 9/11. For example, we modified questions that referred specifically to a traumatic event to refer to the event as "WTC;" however, the wording of symptoms themselves remained unchanged. Each question was also specific to symptoms in the past month ( Figure 1 ).
Because the CES-D and the PCL cannot determine psychiatric diagnosis, outcomes as determined by cutoff scores on these questionnaires were labeled "elevated depression risk" and "elevated PTSD risk." Elevated depression and PTSD risk were denoted using cutoff scores of 22 and 39 on these instruments, respectively, which were previously validated in this population. 12, 13 We assessed alcohol use disorder using AUDIT, a screening instrument developed by the World Health Organization to detect excessive drinking. 17, 18 Using 10 items that correspond to International Classification of Diseases, 10th Revision definitions of alcohol dependence and abuse, total scores can range from 0 to 40. We used cutoff scores 8 as indicators of harmful use. 19 Disability retirement refers to a member retiring with a service-related disability for any physical ailment (e.g., respiratory, musculoskeletal, cardiac, or cancer).
Data analysis
We analyzed demographic and other variables in relation to elevated depression and PTSD risk. Bivariate analyses of categorical variables used Chi-square tests with odds ratios (ORs) and 95% confidence intervals (CIs) or McNemar's test, as appropriate. We measured the correlation between two continuous variables using Pearson's r. We performed logistic regression analyses to identify independent predictors of (1) elevated depression risk and (2) elevated PTSD risk. Initially, we entered all variables that showed statistically significant associations in bivariate analyses into the multivariate model. We removed the four variables whose p-values were 0.05. Analyses were performed using SAS ® version 9.1.3. 20 We used the modeling method proposed by Baron and Kenny to assess a mediation hypothesis, defined as testing that "a given variable [may] . . . function as a mediator [or confounder] to the extent that it accounts for the relation between the predictor and the criterion" or outcome. 21 
RESULTS

Characteristics of the study population
The 1,915 retired male firefighters averaged 47.0 years of age on 9/11 (standard deviation  6.9; range: 28.0-73.4). On 9/11, 83% were married; 8% were separated, divorced, or widowed; 6% were single; and 3% were living with a partner. Nearly all were Caucasian (95%); approximately 64% had retired with a disability pension. Most participants arrived at the WTC site on PTSD  posttraumatic stress disorder WTC  World Trade Center 9/11 (72%), with the majority arriving after the collapse of the WTC towers, during the afternoon of 9/11 (56%). By the end of day two, more than 88% reported working at the WTC site. Approximately 40% worked at the WTC site for five or more months. About 78% reported the WTC collapse was the most emotionally terrible, frightening, or horrible event they had ever experienced. We compared characteristics of the 1,915 participants with 2,127 nonparticipating retirees who met the study criteria for inclusion. The primary difference between participants and nonparticipants was that the former were more likely to live in the tristate area (New York, New Jersey, and Connecticut) (p0.01). Participants were also, on average, older (47.0 vs. 45.4 years, p0.01) and more likely to have retired as chiefs (6% vs. 4%, p0.01). The groups were similar in the proportion of members who were present during the morning of the WTC collapse (16% vs. 17%, p0. 21) and in those retiring with disability benefits (65% vs. 64%, p0.81).
Rates of elevated PTSD and depression risk
We identified elevated depression and PTSD risk in 23% and 22% of this sample, respectively, with the majority of cases occurring comorbidly (Figure 2 ). Of all individuals with elevated depression risk (n434), 71% were also identified with elevated PTSD risk. Conversely, of all individuals with elevated PTSD risk (n422), 73% were also identified with elevated depression risk. CES-D (depression) scores were strongly correlated with PCL (PTSD) scores (r0.83, p0.01). About 80% of those with elevated PTSD risk reported the WTC collapse was their most emotionally terrible, frightening, or horrible lifetime event. Table 1 shows adjusted and unadjusted ORs for the association between selected characteristics and both elevated PTSD and depression risk.
Testing for mediation
Following the Baron and Kenny steps, results from unadjusted logistic regression models demonstrated strong statistically significant associations between exposure groups and elevated depression risk. Those who initially arrived at the WTC site earlier were more likely to be identified with elevated depression risk than those who arrived on a later day (OR range: 1.6-3.5). After adjusting for elevated PTSD risk, the magnitude of the associations with exposure groups was substantially reduced (OR range: 1.2-1.6) and was no longer statistically significant ( Table 2 ). The association between elevated depression and PTSD risk, however, remained statistically significant (p0.01). When elevated PTSD risk was replaced as the dependent variable and elevated depression risk as the new potential mediator, the magnitude of association between elevated depression risk and exposure groups 1 and 2 remained similar, and statistically significant (p0.01).
Similarly, while unadjusted alcohol use disorder was associated with PTSD risk (OR2.0), when adjusted for elevated depression risk, the association was no longer observed (OR1.1). In the adjusted model, elevated depression risk was significantly associated with PTSD risk (p0.01). Alcohol use disorder remained statistically significant with a similar OR when elevated depression risk was replaced as the dependent variable, adjusting for elevated PTSD risk ( Table 2) .
Additional models of elevated depression and PTSD risk, including exposure group, alcohol abuse, and disability retirement, can be found in Tables 1 and 2 . Multivariable models adjusting for the alternate comorbid outcome demonstrated that exposure status was a unique risk factor for elevated PTSD risk, and alcohol use disorder was a unique risk factor for elevated depression risk. Disability retirement was a risk factor for both elevated PTSD risk and elevated depression risk, even when controlling for comorbidity. 
DISCUSSION
In this study of retired WTC-exposed firefighters, we found high rates of PTSD and depression risk and high comorbidity. While we cannot rule out potential confounding factors from other traumatic events, 80% of those with elevated PTSD risk reported the WTC collapse was the most emotionally terrible event of their lifetime. Other studies have shown WTC exposure to be associated with increased rates of depression or PTSD, [22] [23] [24] [25] [26] but this is the first report of such high prevalence rates occurring comorbidly in 9/11 Table 1 . Bivariate and multivariable analyses for prevalence of current (30-day) depression and PTSD in 9/11-exposed firefighters, by selected characteristics first responders. In fact, four to six years after 9/11, these rates were as high as those reported in Vietnam veterans, 27 clearly supporting continued monitoring and treatment for trauma-induced mental health consequences in this population. Screening instruments validated separately for depression and PTSD share some similar symptom questions and, therefore, it has been suggested that the presence of one condition raises the risk for the other due to symptom question overlap rather than true comorbidity between these conditions. 9 Yet, the investigator is faced with the fact that these validated questionnaires are widely used, cannot easily be changed, and that distinct differences in overall symptom profile are widely acknowledged and used by clinicians to identify each disease separately or comorbidly. Shared vulnerabilities were noticed in earlier WTC studies 2, 7, 12, 13 and in other non-WTC studies, 28 but those analyses did not evaluate risk factors that might have mediated comorbidity in an effort to identify unique correlates for each condition.
To further understand the relationship between 9/11 trauma and mental health risk in retired FDNY firefighters, we analyzed correlations between selected characteristics and elevated depression and PTSD risk. As shown in previous studies, 12,13 multivariable logistic regression models not controlling for comorbidity (Table 2) identified WTC exposure, retirement with a disability pension, and alcohol use disorder as associated with current elevated depression and PTSD risk. We then explored mediation analyses using these variables as characteristics of interest using two methods: (1) a series of logistic regressions controlling for the variable suspected of having a confounder role and (2) logistic regressions on the population stratified by mental health status.
Regression analyses in this study demonstrated increased elevated depression and PTSD risk with earlier WTC arrival time, but elevated PTSD risk mediated the relationship between elevated depression risk and WTC-exposure group when either of the aforementioned methods was applied. Although we did not find Table 2 . Comorbidity adjusted odds ratios for prevalence of current (30-day) depression and PTSD in 9/11-exposed firefighters, by selected characteristics a dose-response gradient between WTC exposure and elevated depression risk, we noted that the prevalence of elevated depression risk (22.7%) was much higher in WTC-exposed retired FDNY firefighters than in other WTC-exposed populations (range: 9.7%-16.1%), 2, 22, 29 a sample of older white Brooklyn residents (10%), 30 and in the 12-month prevalence of a national sample of men (4%) and men 60 years of age (2.1%). 31 Alcohol abuse has been previously identified as associated with increased risk of depression. 32 The association between alcohol abuse and PTSD, however, is not as well understood, with studies presenting different interpretations. 33, 34 Our study found alcohol abuse to be associated with both elevated depression and PTSD risk. The association between alcohol abuse and elevated PTSD risk, however, was no longer statistically significant after adjusting for elevated depression risk. This finding is consistent with the hypothesis that the association between alcohol use and elevated PTSD risk was mediated by elevated depression risk.
Elevated risk for PTSD and depression was also associated with disability retirement for physical injuries or illnesses in multivariable models, supporting previous research finding associations among PTSD, depression, and a range of physical ailments. 35 With a large proportion of our sample having retired with disability, this may also explain, in part, the higher rates of elevated depression risk when compared with national samples, with presumably far lower rates of disability. Extensive examination of the effect of disability retirement was beyond the scope of this study, but warrants future investigation.
Consistent with Blanchard et al., our models suggest that elevated depression and PTSD risk may be separate constructs. 10 After controlling for comorbidity in the current study, we identified unique correlates for each condition, which support the premise that depression and PTSD are independent responses to trauma.
Limitations
Our findings add to the growing understanding of traumatic events, but our study had several limitations. First, we did not specifically account for exposure to traumatic events unrelated to 9/11, occurring before 9/11, or occurring between 9/11 and the date of the health evaluation. This factor was partially addressed by modifying the PCL so that subject answers to questions were clearly in the context of 9/11. We also examined each member's most stressful lifetime event (with 78% of the cohort and 80% of those with elevated PTSD risk identifying the WTC collapse). Despite these efforts, it is possible that other lifetime events could impact PTSD development, regardless of whether these events were identified as the "most stressful."
A second limitation was the cross-sectional study design, which prevented drawing conclusions about the direction of potential mediation and also prevented differentiation between chronic and delayed-onset morbidity. 36 Third, screening questionnaires are not clinical diagnoses, which is why we used the qualifier "elevated risk" to describe depression and PTSD prevalence based on our questionnaire results. Previous studies, however, have shown the CES-D and the PCL to have good correspondence with clinical diagnoses. [37] [38] [39] [40] [41] [42] [43] Finally, the generalizability of these results is limited to retired WTC-exposed male firefighters until further studies can be performed on other trauma-exposed populations.
CONCLUSIONS
Our findings have important clinical implications. First, they support previous reports of high levels of comorbid depression and PTSD in trauma-exposed populations. Our analyses extend these observations by supporting the premise that depression and PTSD are distinct responses to trauma. Past studies identified alcohol abuse as being associated with PTSD, [33] [34] [35] whereas our data suggest that alcohol abuse may result from mediation through depression. Similarly, past studies identified WTC arrival time as associated with depression, but our data indicate that this association may derive from mediation through PTSD. Awareness of risk factors for both elevated depression and PTSD risk, such as physical injury severe enough to result in disability retirement, allows for earlier detection and earlier opportunities for intervention.
For those with depression and PTSD, interventions need to be carefully designed, promoted, and monitored, as previous studies have associated comorbidity with greater psychiatric impairment, greater likelihood of hospital discharge against medical advice, 44 lower health satisfaction, 45 greater risk for somatization symptoms, 46 and delayed response to intervention. 45 Treatment regimens may also be different, with far less evidence supporting the use of medication in the absence of depression. 47 Due to the important impact that comorbidity has on diagnosis and treatment, our findings of extensive comorbidity suggest that it may be prudent for clinicians to consider these factors and screen for both depression and PTSD. 
